Objective: We tested the hypothesis that the greater a person's laboratory stress-elicited elevation in cortisol, the greater the life stress-related risk for upper respiratory infection (URI). We also tested the prediction that the greater the laboratory stress-elicited rise in natural killer cell (NK) cytotoxicity, the smaller the life stress-related URI risk. Finally, we explored whether sympathetic nervous system (SNS) and enumerative immune reactivities to laboratory stress moderate the relation between life stress and URI. Methods: At baseline, 115 healthy subjects were administered a negative stressful life events checklist and were tested to assess their SNS (blood pressure, heart rate, and catecholamines), HPA (cortisol), and immune (NK cell cytotoxicity and lymphocyte subsets) reactivities to laboratory speech tasks administered 2 weeks apart. Responses were averaged across the two laboratory assessments to create reactivity scores. After these assessments were completed, participants were followed weekly for 12 consecutive weeks. At each follow-up they completed a measure of perceived stress experienced over the last week. They were also instructed to contact the study coordinator if they had a cold or flu at any time during follow-up. A health care worker verified reported illnesses. Results: In a traditional prospective analysis, high cortisol reactors with high levels of life events had a greater incidence of verified URI than did high reactors with low levels of life events and low reactors irrespective of their life event scores. Using hierarchical linear modeling, CD8 ϩ number, Natural Killer (NK) cell number, and NK cell cytotoxicity, each interacted with weekly perceived stress levels in predicting concurrent occurrences of self-reported URIs. For these outcomes, low immune reactors were more likely to experience an URI during high stress than low stress weeks. High immune reactors did not exhibit differences in weekly URIs as a function of weekly stress level. The SNS reactivity markers did not moderate the association of stress and URI incidence in either analysis. Conclusions: Acute HPA and immune responses to laboratory stressors are markers of how vulnerable people are to the increased risk for URI associated with stressors in the natural environment.
INTRODUCTION
Although psychological stress has been found to be associated with greater incidence of URI, only a fraction of those with high stress develop illness (eg, Refs 1-4). Reactivity, the biological changes displayed by individuals in reaction to acute laboratory stressors, may be an important factor for explaining variability in stress-induced susceptibility to URI (5-7). The underlying assumption here is that the way people respond to stressors in the laboratory reflects the pattern and magnitude of biological responses they exhibit when confronted with stressors in naturalistic settings. Because the stress-induced responses of the SNS, HPA, and immune system are thought to modulate host resistance to infectious agents, knowing the propensity of persons to respond in a specific way in the laboratory should increase our ability to predict if they will respond to naturalistic stressors with increased or decreased susceptibility.
There is growing evidence for stable individual differences in biological response to acute stressors. The human reactivity literature has primarily focused on the response of the sympathetic nervous system. In this work, acute laboratory stressors generally elicit rises in epinephrine, norepinephrine, blood pressure, and heart rate (8) . These responses have been found to be reliable across both time and task and hence represent a stable trait of the individual (9 -11) .
Another commonly studied response to stressor exposure is an increase in the levels of the steroid hormone cortisol that is released by the adrenal cortex. The magnitude of acute-stressor-induced cortisol response is also relatively stable over time (9, 12) . Cortisol response to acute stressors is slower than SNS response (13) and correlates only moderately with SNS response (9) . Because cortisol can suppress the inflammatory immune response, the release of more cortisol under stress could be associated with greater susceptibility to infectious agents (14, 15) .
Acute laboratory stressors have also been found to alter immune response including numbers of key populations of lymphocytes in circulation (16, 17) as well as functional aspects of immunity, including mitogenstimulated lymphocyte proliferation (16 -20) and NK cell cytotoxicity (9, 18) . Most of these responses have also been found to be stable across time (9, 19, 21) . These responses include those that one would expect to increase (eg, stress-induced increases in NK cytotoxicity) and decrease (eg, stress-induced decreased in mitogen-stimulated lymphocyte proliferation) host resistance to infectious agents.
In the only direct tests of reactivity as a moderator of the association between stressful life events and respiratory disease, Boyce and colleagues (5, 6) found that both cardiovascular and immune reactivity moderated children's responses to naturalistic stressful events. Although their results are complex, there is the suggestion that high blood pressure reactors are at greater risk for illness under high stress. There also is the suggestion that reactivity as assessed by some immune responses (CD4 ϩ /CD8
ϩ cells and increases in pokeweed-stimulated lymphocyte proliferation) was associated with increased rates of URI under high stress.
In the current study, we sought to expand our understanding of the role of biological reactivities as vulnerability factors in the association between psychological stress and infectious illness. The study was designed to test three hypotheses. 1. Because immune competence in the face of infectious agents may be compromised by cortisol (14, 15, 22) , we expected that those with larger acute stressinduced increases in cortisol would be more likely than their less reactive counterparts to have increased risk for URI when naturalistic levels of stress were high vs. low. In contrast, we expected that people with smaller cortisol reactivity would show little to no stress-induced increase in URI incidence.
2. Because NK cells play a role in killing invading viruses, we expected that those with a smaller acute stress-induced rise in NK cytotoxic reactivity would be more likely to have an episode of URI when naturalistic levels of stress were high vs. low, whereas those with greater increases in NK cytotoxicity would be less affected or possibly unaffected by stress. Because there is little evidence establishing associations between numbers of immune cells in circulation and incidence of URI, we made no predictions regarding enumerative immune reactivity.
3. SNS-mediated reactivities have been found to be associated with immune outcomes that both increase (18, 23) and decrease host-resistance (18) . Therefore, predictions regarding the associations of these reactivities were difficult to make. However, we sought to replicate the previous findings of Boyce and colleagues (5, 6) , which suggests that greater acute stressinduced rises in blood pressure are associated with higher rates of illness in those confronted with stressful events in their natural environment.
We incorporated a number of methodological approaches not usually used in this literature. First, we simultaneously assessed SNS, HPA, and immune reactivity. Second, we conducted each of the reactivity assessments twice and aggregated across the two laboratory sessions to create more reliable scores than the "one-shot" assessments often used. Third, the URI outcome was not determined on the basis of symptom levels alone, but on nurse practitioner verification and participant self-report of illness. In addition, our analyses controlled for the effects of neuroticism, a personality characteristic associated with a bias to report more stress, symptoms, and illness (24, 25) .
We also expanded on previous work by analyzing the data in two ways. The first approach was a traditional prospective analysis in which we addressed whether between-subject differences in background/ chronic stress levels and reactivity assessed at baseline predict subsequent URI incidence. In the second approach, we prospectively looked at reactivity measures as predictors of which subjects would subsequently respond to rises in their own weekly perceived stress levels with increased risk for episodes of URI during these high stress weeks.
METHODS

Participants
Participants were solicited via electronic bulletin boards, school newspaper, and word of mouth. They were eligible to participate if they were age 18 to 30 years, were students of either the University of Pittsburgh or Carnegie Mellon University, had no infectious illness 2 weeks before each session, had no chronic illness, no personal history of cancer, no autoimmune disorders, no current or history of psychological disorder, consumed no more than 12 alcoholic beverages on average per week, did not use street drugs, and were not currently pregnant or lactating. One hundred fifty-one people met these criteria. Of the potential participants, 115 (71%) participated. The main reason for nonparticipation was missing scheduled appointments (85%); the remaining nonparticipants (15%) had difficulty with catheterization. Four cohorts of participants were run (Fall 1996 , N ϭ 13; Spring 1997, N ϭ 44; Fall 1997, N ϭ 28; Spring 1998, N ϭ 30). The overall sample had a mean age of 21.1 years (SD ϭ 2.7 years) and was 47% men, 53% women; 92% single; 76% white, 10% African American, 7% Asian, 2% Hispanic, and 5% "other race." Participants received a total of $120 for participation in the two sessions and the 12-week follow-up.
Procedures
All participants attended two laboratory sessions for the collection of reactivity data. After these assessments were completed, participants were followed weekly for 12 consecutive weeks. At each follow-up, they completed a diary that asked question about their levels of stress and their health status during the preceding week.
The laboratory sessions lasted approximately 2 hours and were scheduled exactly 2 weeks apart at the same hour of the day (either 7:00 AM or 9:30 AM) to control for diurnal variation. Experimental procedures at the two sessions were nearly identical. Participants were asked to abstain from tobacco products, vigorous exercise, caffeine, and food or beverages (except water) for 8 hours before sessions, and to abstain from over-the-counter medication for 24 hours before sessions. Participants were seated upright in a comfortable chair. Each session consisted of catheterization, followed by a 30-minute rest period, followed by a simulated public-speaking task. Baseline cardiovascular measures were taken 25, 27, and 29 minutes into the rest period (and averaged), and baseline catecholamine and immune measures were taken immediately after the rest period. Baseline cortisols were assessed at home (as recommended by Kirschbaum (24) ) during the week in between the two laboratory sessions. The collection occurred on the same day of the week as the lab sessions and at the same number of hours after awakening as when the stress sample was taken in the laboratory (approximately 3 hours, although it varied between participants).
Each speech task consisted of a 2-minute preparation for a speech in which the participants defended themselves against an alleged transgression (shoplifting or traffic violation), followed by 3 minutes of videotaped speech delivery. Sympathetic nervous system and immune measures were collected during speech delivery. Specifically, SBP, DBP, and HR were collected at 1 and 2.5 minutes into the speech (and averaged), and epinephrine, norepinephrine, NK cytotoxicity, and lymphocyte subsets were collected at 2 minutes into the speech. HPA axis (cortisol) response was assessed 17 minutes after the completion (22 minutes after onset) of the speech task. Residualized change scores, the residual from the regression predicting task scores from baseline scores, were used to represent the reactivity scores for each visit.
One of the assumptions of the reactivity hypothesis is that reactivity represents a stable manner in which an individual responds to acute stressors (7) . In a previous publication (9), we reported the test-retest correlations between residualized change scores for each outcome across the two occasions of testing in this sample. Reactivities considered to be stable (ie, exhibiting moderate to high testretest correlations) were: systolic blood pressure, diastolic blood pressure, heart rate, cortisol, norepinephrine, CD8 ϩ cell number, NK cell number, and NK cytotoxicity (test-retest correlations greater than 0.40, p values Ͻ .05). Each reactivity index displaying such stability was then averaged across sessions to create the reactivity score for that measure. Session-averaged reactivity scores were used for analyses in the current report. Note that each of the reactivity indices found to be unstable was discarded from the analyses reported here. Because we were interested in attempting to replicate the findings of Boyce and his colleagues (5, 6), we also examined the stability of two other measures used by them but not considered in our earlier work: the CD4 ϩ /CD8 ϩ ratio, and mean arterial blood pressure [DBP ϩ [1/3](SBP Ϫ DBP)]. Both had acceptable test-retest correlations (0.39 and 0.64, respectively; p Ͻ .001).
Also, before beginning the rest period for each session, participants completed various questionnaires. Specifically, negative major life events experienced over the past 12 months and demographic information were collected during the first laboratory session. We collected information concerning neuroticism levels during the second laboratory session.
After completion of both laboratory sessions, participants were instructed on how to complete the weekly behavioral-health diary.
BHDs were mailed electronically to the participants to be completed and returned on the same day of the week as their laboratory visits. Although the majority of participants had electronic mail accounts, those who did not (less than 5%) were phoned on the appropriate day to collect the BHD information. Participants who did not respond on the appropriate day were immediately contacted and interviewed or reminded to submit their electronic BHD. Specifically, participants provided information concerning perceived stress levels and whether they believed themselves to have had a cold or flu since completion of the last diary. They were also asked to notify the study coordinator if they developed a cold or flu between assessments. Those reporting an URI (either at assessment or between assessments) were immediately scheduled for an appointment at the student health center where they were examined by a nurse practitioner for verification of an URI. One participant was delinquent in returning the BHDs and was terminated from the follow-up period, resulting in N ϭ 114. Of the remaining participants, the majority (87%) completed and returned all 12 BHDs. Of the 1368 potential weekly diaries (114 participants ϫ 12 weeks), 1343 (98%) complete diaries were received.
Measures-Reactivity Sessions
Cardiovascular outcomes. An occluding cuff was placed on the participant's left arm for automated measurement of heart rate and blood pressure using either a Dinamap XL Vital Signs Monitor or Citikron Dinamap.
Immune assays. Enumerative assays were assessed in whole blood using dual color fluorescence analysis with a Becton Dickinson FACScan flow cytometer (San Jose, CA). Lymphocyte subsets were analyzed using monoclonal antibodies labeled with either fluorescein or phycoerythrin to quantify CD3
, and CD3 ϩ CD16 ϩ CD56 ϩ (NK) cells. Absolute numbers of cells were calculated from a complete blood count. Pretask and task blood samples were assayed in the same batch on each occasion of testing.
A whole blood 51 Cr-release assay (26) was used to determine percent cytotoxicity to the NK-sensitive erythroleukemic K562 cell line. Pretask and task blood samples were assayed in the same batch on each occasion of testing.
Cortisol assay. Saliva samples collected via salivettes were centrifuged at 3000 rpm for 5 minutes and a 1-ml sample was obtained. Levels of salivary cortisol were determined via time-resolved immunoassay with fluorometric end point detection (DELFIA) and are expressed in units of nmol/L (27) . Cortisol data were collected for the last 58 participants only.
Catecholamine assays. Blood samples were anticoagulated with EDTA, chilled, and centrifuged; plasma was then removed and frozen at Ϫ70°C until analysis. High performance liquid chromatography determinations of epinephrine and norepinephrine, after extraction with alumina, were conducted using a Phase II, reverse phase, 3-column. Peak catechol heights were measured automatically by Chromatochart-PC (BAS/IMI) and are expressed in pg/ml. Catecholamine data were collected for the last 58 participants only.
Measures-Background Variables
Negative life events. The stressful life events scale consisted of major events (eg, death of loved one, close relationship breakup) that might happen in the life of the respondent (41 items) or close others (26 items). The events were a subset of those appearing in the List of Recent Experiences (28) and were chosen because of their potential for negative impact and their relatively high frequency of occurrence in population studies. This particular subset has been used in pre-vious work from our laboratory (1) . Participants examined this list of stressors and indicated whether they had experienced a particular event in the past 12 months. For events that were reported to have occurred, participants also provided ratings of the experience as having a positive or negative impact on their lives. A few items, such as death of a family member or emergency hospitalization of a loved one, were assumed to be consensually negative, and the respondent was not asked to provide an impact rating. A negative life events score was derived for each participant by adding the number of events he or she reported that were negative (either consensual or participant rated). To achieve a normal distribution for this variable, we added one to each participant's score before performing a log 10 transformation of it.
Neuroticism. Neuroticism has been associated directly with reports of stress levels and reports of symptoms without a physiological basis (24, 25) . Because we relied on participant reports of stress levels and participant judgment to determine when they were sick, we statistically controlled for the effect of neuroticism on reported URI occurrence. Neuroticism was assessed during the second laboratory session via the 10-item neuroticism scale from the Eysenck Personality Questionnaire (29) . Responses were summed, yielding a neuroticism score ranging from 0 to 10. This scale was found to be moderately reliable (␣ ϭ 0.67).
Standard demographic control variables. Age was scored as a continuous variable. Sex was scored as a dichotomous variable. Race was categorized as being white, African American, or other.
Measures-Weekly Diary
Perceived stress. During each of the 12 weeks of the follow-up period, participants completed the 10-item PSS (30) . At each point, participants were asked about stress over the past week. Items on the PSS measure the degree to which, in the past week, participants felt their lives were unpredictable, uncontrollable, and overwhelming (0 ϭ never, 4 ϭ very often). Perceived stress scores for each week were obtained by reversing the scores on the four positive items, then summing across all 10 items. The scale was reliable for all 12 weeks (␣ values range ϭ 0.87-0.91).
Verified URI. During the 12-week follow-up period, participants were asked to immediately contact the study coordinator if they felt they had developed a cold or flu. The coordinator then scheduled an appointment for an examination by the nurse practitioner. Students were also sent for an examination if at the weekly interview they reported having a cold or flu. The nurse took a temperature reading and examined the participant's eyes; ears; nose; throat; cervical, submandibular, and axillary lymph nodes; and chest/lungs for the presence of abnormalities. Based on the information gathered above, the nurse determined if the participant's signs and symptoms were most consistent with an URI, some other disease process, or no apparent illness. Of the 51 people meeting criteria for verification, 30 actually went to the clinic. Reasons for students not coming in to have their URIs verified included: their URIs occurred over the weekend when the student health center was closed, they failed to contact the study coordinator when sick (but reported having had the URI at the next interview), or they missed their student health center appointments and were better by the time an appointment was rescheduled. Of the 30 participants coming in for verification, 29 were diagnosed as having an URI. In our analyses, only these 29 participants are identified as having a "verified" illness.
Self-reported URI. Participants indicated "yes, no, or unsure" as to whether they had a URI during the last week for each of the 12 weeks. A participant was considered to have a self-reported URI during a given week if he or she answered "yes." They were also considered to have a self-reported URI if they answered "unsure" and had their URI episode verified by the nurse practitioner. Ninetythree self-reported URI episodes were experienced by 54 of the participants.
Data Analysis
We used multiple logistic regression to examine whether between-subject differences in negative life event and reactivity levels assessed before the 12-week follow-up period were associated with subsequent incidence of verified URI. Our hypotheses predict that negative life events and reactivity measures will interact in predicting URI incidence. We also used HLM logistic regression to assess if between-subject differences in SNS, HPA, and immune reactivity levels help explain prospectively who is more likely to experience URI episodes during relatively higher stress weeks. In this case, our hypotheses predicted that weekly perceived stress and reactivity measures would interact in predicting same (or next) week URI episodes. Because of the limitations in the number of verified URI episodes, the HLM procedure could not converge on a solution when analyses were attempted with verified URIs as the outcome variable. Therefore, self-reported URI was used as the outcome variable in all HLM analyses. Furthermore, for the HLM analyses, we used a restricted maximum likelihood estimation method, as this technique can handle missing observations. We specified a variance components model for the parameter covariance matrix. This technique derives independent estimates of sample variance for each intercept and regression coefficient. Because a variance components model assumes that individual differences in slope and intercept terms are unrelated, we mean centered weekly stress values for each participant. Lastly, because repeated measures of an outcome are often correlated with each other (especially those taken closer together in time), we specified a first-order autoregressive error structure to control for autocorrelation.
In all analyses, we controlled for the potentially confounding effects of neuroticism, sex, age, and race. These control variables were entered into the regression first, followed by stress and the reactivity variable of interest, followed by the stress-by-reactivity interaction term. When such interactions were obtained, we dichotomized (median splits) both stress and reactivity and examined the percentage of URI occurrences in each cell of the 2 ϫ 2 matrix to clarify the nature of the interaction.
RESULTS
Traditional Prospective Analysis of Incidence
Main effects of negative stressful life events and reactivity variables. The results of the logistic regression are presented in Table 1 . As apparent from the table, participants displaying dampened CD8 ϩ cell number reactivity were more likely than their more reactive counterparts to have a verified URI episode (b ϭ Ϫ0.92, p Ͻ .05). There were no other main effects of reactivity indices or main effects of negative life events in predicting the presence of a verified URI.
Stressful negative life-events-by-reactivity interactions. As apparent from Table 1 , there is an interaction between negative life events and cortisol reactivity in predicting the presence of a verified URI. Observed (unadjusted for covariates) percentages of verified URI occurrences for each group in the 2 ϫ 2 matrix are presented in Figure 1 . Although both reactivity groups experienced more instances of verified URI when reporting larger vs. smaller numbers of negative life events, this relationship was much more pronounced for the high cortisol reactors. Further, individuals who both reported a large number of negative life events and displayed high cortisol reactivity were more likely to experience a verified URI than the other three groups. None of the other reactivity outcomes were found to interact with negative life events in predicting incidence of verified URI (Table 1) .
Week-to-Week Perceived Stress as a Predictor of Week-to-Week URI Neither current weekly perceived stress levels nor the former week's perceived stress levels were associated with participant reports of an URI during the current week. Results for the main effects of reactivity from the HLM analyses are summarized in Table 2 . There was only one significant main effect, with high reactors for changes in CD8 ϩ cell number less likely to report an URI than their less reactive counterparts. Current week's perceived stress interacted with each of the immune reactivities to predict the presence of a current self-reported URI (Table 2 ). To interpret this result, we performed a median split of each immune reactivity index. We then performed a median split for each participant's 12 weekly perceived stress scores, resulting in a categorization of each person's highest and lowest six scores. We graphed the percentage of weekly observations containing a self-reported URI occurrence for each of the resultant four stress-byreactivity groups (Figure 2, A to C) . In all cases, individuals who displayed smaller immune reactivity were more likely to experience a self-reported URI when current weekly perceived stress levels were higher vs. lower. Furthermore, in all cases, participants displaying larger increases in immune reactivity exhibited little to no differences in self-reported URI incidence as a function of the current week's perceived stress level. Notably, the graph for the interaction of weekly perceived stress by NK cell number reactivity offers a less clear interpretation of the interaction effect than the others. To elucidate the interaction, we calculated the mean and standard deviation of each participant's 12 weekly PSS score. For each participant, weeks with stress scores greater than or equal to one standard deviation from that participant's mean score were selected to represent high-stress weeks and scores less than or equal to one standard deviation from their mean were selected to represent low-stress weeks. From this new breakdown, it was clearer that low reactors had a slight stress-related increase in URIs (8% in low and 10% in high stress), whereas high reactors had a slight decrease (7% in low vs. 6% in high stress).
There was also a significant interaction between current weekly perceived stress and CD4 ϩ /CD8
ϩ reactivity in predicting current week's self-reported URI. To interpret this result, we performed a median split of CD4 ϩ /CD8 ϩ reactivity and used the low weeks' perceived stress and high weeks' perceived stress groups from above. Those exhibiting high vs. low CD4 ϩ /CD8 ϩ reactivity were more likely to show an increase in self-reported URIs with higher weekly stress levels ( Figure 3 ). Low CD4 ϩ /CD8 ϩ reactors were just as likely to report having a URI during lower vs. higher stress weeks, and these rates are comparable with high reactors under low stress. There were no other significant interactions between perceived stress and reactivity in predicting current or lagged self-reported URIs (Table  2) .
DISCUSSION
It was predicted that those with larger acute stressinduced increases in cortisol would be more susceptible to URIs under naturalistic stress than their less reactive counterparts. This was supported by the prospective analysis but not the HLM. In the standard prospective analysis, cortisol reactors had a greater incidence of URI than nonreactors among persons with high levels of negative life events. URI incidence was relatively low and unrelated to cortisol reactivity among those with low levels of life events. This result is consistent with the evidence that cortisol suppresses immune function, resulting in less ability to fight off infection, and disrupts the appropriate release of proinflammatory cytokines contributing to excessive symptom expression (31, 32) . Because of the prospective nature of the analysis this result cannot be attributed to reverse causation (URIs' triggering increased numbers of stressful life events in cortisol reactors). Moreover, because the URIs were verified, the reported association is likely attributable to the onset of disease as opposed to biases in reporting illness.
We also predicted that greater stress-induced rises in NK cytotoxicity would buffer against stress-associated susceptibility to infectious disease. This hypothesis was not supported by the prospective analysis, but was supported by the HLM analysis. High NK reactors were relatively protected during high stress weeks, but the risk for URIs was low and there was no difference in risk between high and low reactors on low-stress weeks. This result is consistent with the argument that NK cells are helpful in the face of infectious challenges. There are two limitations to the interpretation of the HLM analyses. First, they were partly crosssectional (illness and stress) and hence the direction of causation is ambiguous. Second, they were based on unverified reports of illness and hence may reflect biases in reporting of illness rather than difference in underlying pathology. However, there is reason to think that such biases are not a major issue here. Other studies have found very high levels of agreement between self-reported and doctor-verified colds (1). Moreover, neuroticism was controlled for in these analyses, limiting the likelihood that there were psychologically mediated biases in interpretation.
We did not hypothesize whether (or how) immune reactivity as assessed by enumerative markers would moderate the association of naturalistic stressors and URI incidence. Even so, we found that low reactivity of NK number and CD8 ϩ cells were both associated with increased risk for URI during weeks when perceived stress was high, but unrelated to URI risk during weeks of low perceived stress. These results are consistent with the argument that both NK and CD8 ϩ (T cytotoxic) cells are helpful in the face of infectious challenges.
Finally, we were reluctant to predict whether SNS reactivity would moderate associations between naturalistic stressful events and incidence of URI because SNS activation has been found to be associated with both increases and decreases in immune responses relevant to host resistance. Even so, we were interested in whether we could replicate Boyce's finding in children that blood pressure reactors were at greater risk. None of the SNS markers of reactivity (blood pressure, heart rate, epinephrine, or norepinephrine) interacted with naturalistic stress in either the prospective or HLM analyses.
There are some inconsistencies within our study. Particularly, why did we find different results with the traditional between-subjects prospective analysis of illness incidence and the HLM (within-subject) analysis of the relation between URI episodes and weekly stress levels? In the case of the interactions between stress and immune reactivity, the answer is clear. Although none of these interactions reached significance in the traditional prospective analysis, the patterns of illness rates were all consistent with those found in the within-subject (HLM) analyses. For example, as in the HLM analyses, persons with high life events and low immune reactivity had substantially higher rates of illness (between 38% and 42%) than the remaining subjects in all three cases. It is not surprising that these effects did not reach statistical significance because there is a substantial loss of power in the traditional analyses (relative to the HLM). This is because of the elimination of between-subject error in within-subject analyses and because the traditional prospective analyses focused on verified incidence, which has a much lower baserate of occurrence than the unverified episodes used in the HLM analyses.
In contrast, the interaction between negative life events and cortisol reactivity that we found in the traditional prospective analysis was not found (even in terms of patterns of results) in the HLM analyses. There are several possible reasons. In this case, it is possible that cortisol reactivity is more important in response to the more chronic and important background stressors represented by major stressful life events than the acute stressful conditions assessed on the weekly level. It is also possible, however, that our results are attributable entirely to individual differences between subjects that would not occur within subjects. For example, the type of people who have both high life events and high cortisol reactivity are those at highest risk. This interpretation assumes that both reactivity and having more negative life events are relatively stable characteristics of the person, in contrast to viewing life events more like an environmental factor that is variable across time and relatively independent of the person (33) . Our data are also somewhat inconsistent with data reported by Boyce and his colleagues (5, 6) . There are two sources of inconsistency. The first has to do with which biological reactions to stress are reliable across time and hence usable as a marker of a trait like vulnerability factor. Across their three studies, Boyce et al. (5, 6) found that stress-elicited changes in mean arterial pressure (5, study 1), CD19 ϩ (5, study 2), CD4 ϩ /CD8 ϩ ratios (6, but not in 5, study 2), and pokeweed mitogen stimulation (6, trend in 5, study 2) interacted with the occurrence of naturalistic stressors in predicting URI. Underlying these results is the assumption that these reactivities are stable across time and task. Although we found that mean arterial blood pressure and CD4 ϩ /CD8 ϩ reactivities were stable over time, B cell reactivity was not. Second, we failed to find an interaction between stress and reactivity of mean arterial pressure (or any blood pressure reactivity measure) in predicting URIs. We did, however, find an interaction of CD4 ϩ /CD8 ϩ reactivity and perceived stress in the HLM analyses. Similar to Boyce et al. (5, 6) , we found that during high-stress weeks, high CD4 ϩ / CD8 ϩ reactors were at greater risk. It is noteworthy, however, that in our data, this effect is driven by the CD8 ϩ contribution to the ratio. That is, it is another reflection of rises in CD8 ϩ reactivity being associated with less risk under stress.
Overall, Boyce and colleagues (5, 6) found that elevated immune reactivity was associated with greater risk under stress. In contrast, we found that elevated immune reactivity was associated with less risk. There are, of course, many differences between the earlier work and our own. Some striking examples include that Boyce et al. studied young children whereas we studied young adults. They assessed the number of URIs experienced within a specific timeframe, whereas we focused on incidence-based analyses that addressed whether stress was associated with at least one occurrence of URI within specific timeframes. (Because our young adults had much fewer total URIs than the children in the Boyce et al. studies (5, 6), we were not able to replicate their type of analyses.) In their studies, immune reactivities were assessed as responses to a single naturalistic stressor-entering school-with pre-and postmeasures assessed 2 weeks apart. In contrast, we assessed the average response to two laboratory stressors, each over a 5-to 20-minute period. We did not assess mitogen-stimulated proliferation as a measure of reactivity. This measure was, in fact, the one that Boyce and his colleagues found to be a reliable moderator of the stress-illness effect across two studies (5, 6) . Because modulation of different immune parameters may have very different implications for host resistance, it is clearly possible that there is less inconsistency here than there seems to be. Moreover, stress-elicited changes in some immune parameters are biphasic, eg, initially rising but after some time falling below basal levels (34) . Hence the different direction of associations we found for immune reactivity might be attributable to our assessing immune response at different lags after stress initiation than Boyce and his colleagues.
There was one totally unexpected finding. CD8 ϩ reactors had fewer URIs (main effect) in both analyses.
In the within-subject (H.L.M.) analysis, this effect may have been just another marker of the magnitude of the interaction; however, in the between-subjects analysis it seems to be a true main effect as there is no indication of an interaction. It might be that CD8 ϩ reactivity is a marker of something other than how people respond under stress that is itself important for host resistance, but we are puzzled as to what that might be.
In sum, in prospective analysis, persons showing greater cortisol reactivity to acute stressors had increased risk for verified URI when naturalistic levels of stress were also high. In contrast, those with smaller cortisol reactivity showed little to no stress-associated increase in URI incidence. We attributed this finding to cortisol's compromising immune competence. Similarly, in the cross-sectional (H.L.M.) analyses, smaller immune responses under acute stress were associated with increased risk for URI during stressful periods. This is also supportive of stress-induced immunity (at least NK cytotoxicity and increase in circulating CD8 ϩ cells) as protective in the face of stressful events. These data are supportive of the proposal that laboratoryassessed endocrine and immune reactivities indicate vulnerability to stress-associated infectious illness in the natural environment.
